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I h*tt*y certify that thfc paper Is being 
deposited with thfe United SUtes Postal 
£er*ke as First tuail, ptttUgc 
prepaid. In an tvivdopt adcUwaed to; 
Hon* Cttwntal<mei* or Patents and 
Trademarks, Washing^, D.C, 
on this date: 





tioitild J. Poehoplen 
Kegktriilon No- 32,167 
Attorney for App'lcjni 



DECLARATION OF MARK DE BOER 
UNDER 37 C.F.R. §1.132 



Hon. Commissioner of Patents and Trademarks 
Washington, t>C. 20231 

Sir: 

I, Mark de Boer declare as follows: 

t. That I am a whrventor of tbe above- Wctitified application along with 
Leah 6. Comtjy. 
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2. That I arc a co-author of the publication, de Boer et til. , "Generation of 
Monoclonal Antibodies To Human Lymphocyte* Cell Surface Antigertu 
Using Insect Cell Expressing Recombinant Pmteinfs, " J. of Immunological 
Methods, 122 15-23 (1992) (hereinafter "the de Boer publication"). 

3. That the de Boer publication discloses the antl-CD40 monoclonal 
antibodies and hybridomas of the above identified patent application, 
including 5D12, 3C6, and 3A8. 

4. That the de Boer publication lists as co-authors Leah Conroy, Hye Yeong 
Min and Jaap Kwekkebooni* 

5. Thai the co-authors Hye Yeong Min and Jaap Kwekkeboom ate not co- 
ioventora of the subject mater disclosed in the above identified application, 
including: the anti-Ct>40 monoclonal antibodies, such as 51)12, 3C6, and 
3A6 t or the hybHdomas producing the same, 

6. That Hye Yeong Min provided technical support but did not make an 
Inventive contribution to the subject matter of the above Identified 
application. 

7. That )aap Kwekkeboom provided technical support but did not make an 
inventive contribution to the subject matter of the above identified 
application. 

S. That it is standard practice in the scientific community that publications, 
such as the de Boer publication, acknowledge the naraos of all persons 
who made technical contributions to the data presented. 

9 . That I am also a co-author of the publication, Kwekkeboom el at. , M CD40 
Plays An Essential Role In The Activation Of Human B Cells By Murine 
EL4B5 Cells," Immunology, 22 439^44 (1993) (hereinafter "the 
Kwekkeboom publication.") 

10. That die K^ekkebootn publication lists as my co-authots J, Kwekkeboom* 
J.M. Tager and C. de Grow, none of whom are named as co-inventors of 
the above-identified application. 

11. That the Kwekkebootn publication at page 440, under the heading 
"Antibodies and hCD40,H/i ftlsloaprolein ,, cites la its reference *8, M j 
the de Boer publication of paragraph 2 herein, as the source of the anti- 
CD40 monoclonal antibodies 3C6, 3A8, that are used therein, 
slating: 

Anti-CD40 mAb 5D12, 3C6, and 3A8 wete generated by 
immunizing mice with insect cells expressing recombinant CD40 1 . 
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12. That my co-authors of the Kwekkeboom publication, i.e. , Kwekkeboom, 
Tager and de Gtt»t, are not co-invontors of the anti-CD40 monoclonal 
antibodies of the present application, or the hybridomas producing these 
antibodies, or the methods of using these antibodies as disclosed In the , j 

specification of the above Identified appHcatfon. 5 1 

13 That by citing to de Boer et al. , as reference "'8" of Kwefckeboont, my co- 
authors on Kwekkeboom {i.e., Kwekkeboom, Tager and de Oroot) tacitly 
admit that they arc not co-invehU>rs of tho atHi-CE>40 monoclonal 
antibodies of the puseul application or the hybridomas for producing these ■ 
antibodies. ' 

14. That all statements made herein of my own knowledge are true and that 

all statements made on information and belief are believed to be true; aad > 
further that these statements were made with the knowledge that willful | 
false statement* and the Ito made are punishable by fine or imprisonment, 
or both, under Section 1001 of Title IS of the United StateTCode and that 
such wlllftJl false statements may jeopardize the validity of the aboye- . | 

identified patent application or any patent issuing thfteoti. 



Mark de Boer 

Dated: l^.t.u^l^., 1995 J j 
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Examiner: Phillip Gambel, Ph.D. 



CERTIFICATE OF FACSIMILE 



I hereby certiry that tills paper Is being 
sent via facsimile to: Assistant 
Commissioner of Patents, Washington, DC 
20231, attention Examiner Phillip Gambel, 
Ph.D. at 703-308-4242 on this date: 




Donald J. Pochopleo> Ph.D. 
Reg. No. 32,t67 
Attorney for Applicants) 



DECLARATION OF PAUL B. SAVEREIDE, Ph.D. 



Assistant Commissioner of Patents 
Washington, DC 20231 



Sir: 



I, PAUL B. SAVEREIDE, declare that: 

1. My title at Chiron Corporation is Assistant Secretary and Patent 
Counsel and in that capacity, I am authorized to act on behalf of 
Chiron Corporation in executing this document. 

2. Chiron Corporation is an assignee of the above-identified patent 
application as reflected in an assignment recorded with the U b. 
Patent and Trademark Office on January 26, 1995 at Reel 7329, 
Frames 0191-0195. 

3 Hybridomas 5D12 and 3C6 were deposited with the American 
Type Culture collection, 12301 Patklawn Drive, Rockyille, 
Maryland 20852, on May 6, 1993, and were given ATCC 
Accession Nos. HB 11339 and HB 11340, respectively. 
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Hybridoma 3A8 was deposited with the ^^J^^Z 
S iwim 1 TiOi Parklawn Drive, Rockville, Maryland 20852, on 

in accordance wiut the "Budapest Treaty on f^^^ 
Recognition of the Deposit of Microorganisms for the Purpo es .cF 
S pScedure," and as per the attached contract with the 
ATCC aTl restrictions on the availability of hybHdoma, 5D12 
/aw No HB 11339) 3C6 (ATCC No. HB 11340) and 3A8 
ATCC So X l£o4) will be irrevocably removed and these 
"ill be made permanently avaUable to anyone 

cultures of the same. 

fi The biological materials deposited as per paragraph 3 above are 
6 ' SenS to the biological materials specifically identified in the 

specification as filed. 
n t fiirther declare that all statements made herein of my own 

SI" believed to be tn». and that these statement were made 
with the knowledge that willful false statements and the Uke so 
made are nunishable by fine or imprisonment, or both (is u.a.^. 
M^SwtJ^ the validity of the application or any 
patent issuing thereon. 

Dated: i!L=LdW^^ 

x_k y— Paul B. Savereide, Ph.D. 

Registration No. 36,914 
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CHtRON CORPORATION 
Intellectual Property-R440 
4560 Horton Street 
Emeryville, California 94608-2916 
Phone: (510)923-2585 
Facsimile: (510)655-3542 
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UJOl tttiUm* bth* * tacfcrUtt, MO ZUS1 USA • TtkphffM: (l*l)2il-«Stt T»»t« IM451 ATCCNORTH • FAX: 301.77D.ltl} 



American J?roe Culture Collection 




BUDAPEST TREATY ON THE INTERNATIONAL RECOGNITION OF 
THE DEPOSIT OF MICROORGANISMS FOR THE PURPOSES OF PATENT PROCEDURE 



RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT ISSUED PURSUANT TO RULE 7.3 
AND VIABILITY STATEMENT ISSUED PURSUANT TO RULE 10.2 

To: (Name and Address of Depositor or Attorney) 

Chiron Corporation 
Attention: Karen Van Note 
4560 Morton Street 
Emeryville, CA 94608-2916 

Deposited on Behalf of: Chiron Corporation (Case No. #2630-2| 

Identification Reference by Depositor; ATCC Designation 

Hybridoma 5D12, CMCC 1 1068 HB 1 1339 

Hybridoma 3C6, CMCC 1 1 067 HB 1 1 340 

Hybridoma B7^24-E1 G4. CMCC 1 1 060 HB 1 1 341 

The deposits were accompanied by: a scientific description a proposed taxonomic description 

Indicated above. 

The deposits were received Mgy 6, 1993 by this International Depository Authority and have been 
accepted. 

AT YOUR REQUEST; 

^C r We will inform yoti of requests for the strains for 30 years. 

The strains will be made available If a patent office signatory to the Budapest Treaty certifies one's 
right to receive, or if a U.S. Patent Is Issued citing the strains. 

If the cultures should die or be destroyed during the effective term of the deposit, It shall be your 
responsibility to replace them with living, cultures of the same. 

The strains will be maintained for a period of at least 30 years after the date of deposit and For a 
period of at least five years after the most recent request for a sample. The United States and many 
other countries are signatory to the Budapest Treaty. 

The viability of the cultures cited above was tested May_1 .3.-1.993. On that date, the cultures were 
viable* 

International Depository Authority: American Type Culture Collection, ftockville, Md. 20852 USA 
Signature of person having authority to represent ATCC: 



INTERNATIONAL FORM 




Bobbie A. Brandon, Head, ATCC Patent Depository 



Date: Mav 21. 1993 



Mr. Kenneth Goldman 



no 'd 



09^98616 ^31 



i^ii (nHi)to,6Mnp 




3Mo:(ss-tuiu) NOUNMiMZZZtteLSUSO itttfZfflSMa « UHttJHldSMIAS ifwillfflfe] utysj M t£WS MOM 1V0A0H M 39Vd 

America Type Culture Collection 

tiJQl turkU-fi 0»U< • UtttkHUt. MD 20152 USA * Ttlcphwic: <JI0 ■ )3^l-9«0 Tctci: W<I-1*A ATCCKUVfc* IAX: .1*I4U*0«< 

UUbAPEST TREATY ON THE INTERNATIONAL RECOGNITION or 
THE DEPOSIT OF MICROORGANISMS FOR THE PURPOSES OF PATENT PROCEDURE 

INTERNA TtONA L FORM 
, RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT ISSUED PURSUANT TO RULE 7.3 
AND VIABILITY STATEMENT ISSUED PURSUANTTO RULE 10.2 

To: [Nama tmd Address of Depositor or Attorney) 

Chiron Corporation 
Attention: Karen Van Note 
4560 Horton Street 
Emeryville, CA 9460S-2916 

Deposited un Behalf of: Chiron Corporation (Case No. 0925.003) 

Identification Reference by Depositor: ATCC Designation 

Hybridoma, 3A8, CMCC JM10QG HB 1 202* 

The deposit was accompanied by: _ a scientific description „ a proposed taxgnornic description Indicated 
above 

The deposit was received January 24, 1995 by this International Depository Authority and Has been accepted. - * 
AT YOUR REQUEST: 

JL_ Wc will Inform you of requests for the strain for 30 years. 

The strain wilt be made available If a patent office signatory to the Budapest Treaty certifies one's right to receive, 
or II a U.S. Patent Is Issued citing the strain, and ATCC Is instructed by the United States Patent & Trademark 
Office or the depositor to release said strain. 

If the culture should die or be destroyed during the effective term of the deposit, it shall be your responsibility to 
replace It with living culture of the same. 

The strain will be maintained for a period of at least 30 years after the date of deposit, arid for a period ol at least 
five years after the most recent request (or a sample. The United States end many other countries are signatory * 
to the Budapest Treaty. 

The viability of the culture Cited above was tested January 30, 1996 . On that date, the culture vvos viable. 
International Depository Authority; American Type Culture Collection. Rockville, Md. 20BS2 USA 
Signature of parson having authority to represent ATCC; 

Date; f primary 6. 1996 



ngnwure ot parson naving autnority to represent 

Bprbira M. Holley. Administrator, ATCC P«trft Depository 
%/ cci Paul Savercide 
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CHIRON CORPORATION 



COMMUNICATION PURSUANT TO ARTICLE 115(2) EPC 



Please find enclosed observations by a hhixd party concerning the 
patentability of the Invention of the above-mentioned paLent applica- 
tion* That person is not a party to the proceedings before the EPO 
(Art, 115(1) EPC). 

Under Article 115(2) EpC you may comment on the observations. 
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HOFFMANN • EITLE 

MONCHEN LONDON 



HOFFMAN • fcltU • roufddi 01 IM 20 ■ D-B19M Mflrtchen 

FACSIMILE 089/2399-8787 

European Patent Office 

80298 Munich 



EPO - Munich 
* 12 



Munich, March 29, 2004 
OurRcf: AV-2004-264 ml 

EP 99104709.3 In the name of Chiron Co. entitled "Antagonistic 
monoclonal antibodies to human CD40" 



Please find enclosed third party observations pursuant to 
Article 115 EPC. 

1. Present claims 

In their letter dated 27 January, 2004, the patentee submitted an 
amended set of claims 1-13. 

Claim 1 recites a monoclonal antibody or fragment thereof capable 
of binding to a human CD40 antigen located on the surface of a 
human B cell, wherein the binding of the antibody or fragment 
thereof to the CD40 antigen prevents the growth or differentiation 
of the B cell. 

Claim 2 is directed to the specific monoclonal antibodies 5D12 and 
3C6. Claims 3 and 4 are dependent on claim 2 which recites these 
specific antibodies. 
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Claim 5 relates to a hybridoma capable of producing a monoclonal 
antibody having specificity for the CD40 antigen of a human B cell, 
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therein the binding of said monoclonal antibody to a human CD40 antigen expressed on 
the surface of a human B cell inhibits the growth or differentiation of the B cell. 

Claims 6 and 7 recite the same specific antibodies of claim 2. 

Claim 10 relates to aCD-40 antigen epitope irnmunoreactive with an anti-CD-40 
monoclonal antibody. 

Claims 8, 9 and 11-13 relate to 2 tld medical indications using the above monoclonal 
antibodies or pharmaceuticals comprising these antibodies. 

II. The pending claims cannot enjoy the V* priority date 

Dl: Journal of Immunological Methods, vol. 152, no. 1, 31 July 1992 (1992^07-31), pages 
15-23.(Cited International search report and EPO search report) 

In the priority application USSN 07/910222 (filed on July 9, 1992), there is no description 
regarding the specific feature of the anti-CD40 antibody recited in claims 1 and 5, the 
specific use of the anti-CD40 antibody recited in claims 8, 9 and 11, the pharmaceutical 
composition recited in claims 12 and 13. and the specific CD40 antigen epitope recited in 
claim 10. That is, USSN 07/910222 never discloses an antibody which can prevent the 
growth or differentiation of B cells. 

Regarding the hybridoma claims (claims 5 to 7) and the claim reciting specific antibody 
clones (claim 2), there is no description of depository number of hybridomas producing 
monoclonal antibodies 5D12 and 3C6 in USSN 07/910222. Based on the description on 
page 81 of the present specification , the depository date of hybridoma 3C6 and 5Dt2 is 
May 6, 1993, The claimed invention cannot be enabled without the deposition of 
hybridomas. 

Therefore, the effective application date which is the date to judge the novelty and 
inventive step is the international filing date, July 8, 1 993, or at the earliest, May 28, 1993 
(filing dale of 3rd priority application). 
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m. Lack arpatentabllty over de Boer et al (Dl) 

Dl, which was published before May 28, 1993, discloses the anti-CD40 antibodies termed 
3 AS, 3C6, 5D12 and 5H7 and hybridotnas producing these antibodies. Dl also describes 
that these monoclonal antibodies can be bound to CD40 on B cells (sec page 21, left 
column, lines 12-15; Table 11). CD40 antibodies with the same names and hybridotnas 
producing these same antibodies are described in the present specification. 

Present claims 2, 6 and 7 are not novel over Dl since the claimed antibodies and 
hybridotnas are indistinguishable from those disclosed in Dl. Claims I and 5 also lack 
novelty over Dl, since claims 1 and 5 comprise 5D12 and 3C6 antibodies and hybridotnas, 
respectively. Claims 3 and 4 are anticipated by Dt, since humanized antibody and 
antibody fragments such as Fab' are well-known variations of the monoclonal antibody 

At the time of filing the present application, testing B cell proliferation activity was a 
routine experiment for characterization of the anti-CD40 antibody. Therefore, the person 
skilled in the art can readily find the specific feature of the 5D12 and 3C6 antibodies, 
described in Dl. Therefore, claims 8, 9, 1 1, 12 and 13 are readily conceived based on the 
descriptions of Dl. 

Regarding claim 10, the third party observer would like to point out that no specific CD40 
antigen epitope is shown in the specification. 



Joseph Taormino, Ph.D. 
Association No. J 51 
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Generation of monoclonal antibodies to human lymphocyte cell 
surface antigens using insect cells expressing 
recombinant proteins 

Mark dc Boer Leah Coiuoy h f Hye Ycong Min fl and Jaap KwcWceboom 1 

* DqnttM&it* cj rmmunobw. and * Molcculcr 8&o&, Com Ctoponuto*, EmtQtttte. CA, VSA, 
and *■ tkpaHmem ofCtUtiiatoMy HMdon. Onii^tyofAmiUrdam. Amtfthhm, terfwrttiiffc 
tlUtttvcd 19 betcihbcr 1991, fcvlicd rtCctvcU 1 1 Fctaua/y 1992, icccplcd 12 February 1^) 

Wp have expressed human CD40 and human B7 In Insect cells usins *he baculovirus expression system 
and have used these Insect cells lo immunize mice Tor the generation of monoclonal Antibodies. We 
demonstrate here thai specific monoclonal antibodies to human CD40 and human B7 were obtained 
uslnc this approach. One significant advantage of this method Is thai Immunizing mice with Insect cells 
did not evoke an immune r capo hie to human cells and, therefore, EBV-transformed human B cells could 
be used to screen for specific antibody production by the hybridoma clone** 



tUy word* Baculmlmi c*pfcu<aii; Immtiitliatloa; Mofiodonil inilbody; Lymphocyte cell juirr>ee omlefert; 
l*olymerfii$ chain rcncilort 



Introduction 

Since the Introduction of hybridoma technol- 
ogy by Kohler and Milslcin (1975). a large num- 
ber or monoclonal antibodies have been pro- 
duced, .which specifically bind to molecules ex- 
pressed on the cell surface of lymphoid cetts. 
These monoclonal antibodies have proven to be 
powerful tools in immunological research. To ob- 
tain monoclone! antibodies Against cell surface 
molecules, mice have been Immunized with the 
cells expressing the molecule of Interest. Immu- 
nizing mice with whole cells usually results In a 
strong Immune response and, therefore, the use 



Ccrrtip&lHctttt to: M- de tiger, tmttfgenetlct N.V., IrvdlH* 
Irfcparfc Zurfjujwrde 7, Dai 4 t B-90S2 Qhtnl. ficJaUim. Fax: 
}t'9MI0799. 



ot adjuvants is generally not required, Instead, 
the question Is more how to suppress the Immune 
response to unwanted Immunodominant antigens* 
When mice arc immunized with whole cells, nnti- 
bodics to a la tat number of different molecules 
arc generated. It is therefore difficult to use the 
some calls to screen specific antibody production 
by the hybrldoma clones. The cells used for Im- 
munization can be used for a pre-screcn or Jn a 
differential screen, but additional screening as* 
says are needed to determine the specificity of 
the monoclonal antibodies obtained. Further- 
more, when the molecule ot Interest Is expressed 
at low density, It 1$ likely that the frequency of 
mouse B cells specific for the antigen will be very 
low In a fitrorift polyclonal Immune response. As a 
consequence, large numbers or hybridoma clones 
have to be screened for spcciric antibody produc- 
tion, 
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To circumvent these problems, murine fibrob- 
lasts expressing human cell surface antigens have 
been used to Immunize for specific antibody pro- 
duction (DlSanko et al„ 1991), When injected Into 
tho appropriate mouse it r gin, the syngeneic ft- 
broblasts should not be immunogenic and the 
Immune response should be focused on the xeno- 
geneic recombinant protein, Here we have mod a 
slightly different approach to address the above- 
mentioned problems. Wc have expressed several 
human cell surface antigens tn Insect cells and 
used these Insect cells to Immunfee mice. Using 
the bpculovtrus expression syslctn (reviewed by 
Wehb and Summers, 1990), cell surface proteins 
can be expressed at very high levels in Insect cells 
(Webb et al., 1989). When these cells are used for 
immunization, Che high expression levels of the 
cloned proteins will Increase the chance gf ob- 
taining vpectne antibodies. We demonstrate that 
Immunizing mice with insect ceils expressing hu- 
man CD40 or human B7 resulted in production 
of specific monoclonal antibodies to these 
molecules. Furthermore, Immunization of mice 
with trisect cells alone did not evoke an immune 
response to human cells and, therefore, human 
EBV-transformed B cells could be used for the 
screening of specific antibodies to human CD40 
or human B7, 



Material* and methods 

Iscovc'e modification of Dulbecco'a modified 
Eagle's medium (IMDM) and fetal bovine serum 
were obtained from JR Biosciences (Lenexa, KS>, 
penicillin and streptomycin were obtained from 
Irvine (Santa Ana, CA); and polyethylene glycol 
(mot. wt, 1500) was obtained from Boeh ringer 
Mannheim (Indianapolis, IN). 

Cett Una 

SP2/0 murine myeloma cells, the EBV-ttans- 
formed B cell line ARC, the T cell lines HSB and 
CELMM, and 519 insect cells were all obtained 
from the ATCC (Rockville, MO) 

Culiure media 

SP2/0 murine myeloma cells, hybridoma cells, 
and cell lines were cultured in IMDM supple- 



mented with streptomycin (200 MB/ml), penicillin r. 

(200 U/rtil) and 10% heat-Inactivated fetal bovine l< 

Serum (complete IMDM). Tht Sf9 insect cells E 

were cultured in shaker flasks fl pit a ted (125- ISO n 

rpm) In medium described by Mniorclla et al. ( 

(1938) supplemented with Q.S% fetal bovine t< 

Serum, 8 

•i \ ... b 

Antibodies , -i v s 3 

Antl-(human B7) monoclonal antibody BB-1 » 

(Yokochi el at., 1982) was a gift of Dr. E.A- Clark C 

(University of Washington, Seattle, WA) and was n 

used as purified antibody. AntUhuman CD40) r 

monoclonal antibody 029-5 (Clark and Led bet- v 

tcr, 1986} .was a gift oF Dr. J.A Ledbettcr a 
(Oncogen Corporation, Seattle, WA) and we* ■' £ 

used as purified antibody. Anti-(CO40) mono* I 

clonal antibody S2C6 (Pau)lc et al. ( 1985) was a c 

gift of Dr. S. Paulle (University of Stockholm, . t 

Stockholm, Sweden) and was used as purified f 

antibody. Anti-(human CD26) monocbnal anti- ( 

body tfl-1 and an(l-(CD20) monoclonal antibody ( 

Bl were obtained from Coulter (Hiale&h, FD» I 

Antl-(CDJ) monoclonal antibody OKT3 wis ob- f 

tained from Qrtho (Rarllan, NJ), ahd the anti* € 

(LeuMA) monoclonal antibody was .obtained from I 

Btckton-Dlckinson (5aru Jo$£ fc tCA). AlttKLgM) t 

antibodies coupled to beads (Imrmmobeads) were * 

obtained from Bio-Red- (Richmond, CA). The I 
monoclonal antibody to the Olu-Glu epitope 
(Omssenmyer et al., 1 985) was used as purified 
antibody. 



PCR d&ntnt of CD40 and B? 

RNA was Isolated from a population of EBV- 
transformed human spleen cells as described by 
Chlrgwth et al. (1979). In brief, the cells were 
washed twice with phosphate buffered saline and 
lysed In 5 M guanidlnlum thiocyanatc in the 
presence of 0.? M 2-mercaptoethanol. The cell 
lysatowas layered on a discontinuous CsCl gradi- 
ent and cenlrirugcd for 16 h at 26,000 rpm in a 
Becbnati SW23 rotor. The RNA w«s recovered 
by dissolving the pellet in diethyl pyrocarbonate- 
ireated H^O (DEPC treated H t O\ The RNA 
was precipitated with cthanol once, resuspertded 
In DEPC-treated H a O t and stored at -70°Q 

Total RNA (10 /ig/rcaction) was converted to 
cDNA using random hcxamer priming In 50 ul 
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cycles were subcloned In the polyiitikcr of the J 
bacutovirus transfer vector pAcC$. Be Fore ex- ; 
presslgn in •baculovinis, the DNA insert* of the 
pAcCfl vector were checked for PCR-induced 
mutations by sequencing analysis. 

Bacutovirui expression 

Sequences encoding human CD4U arid huhl&h 
B7 were recombtned Into the Autogropha califor- 
nica baculovlrus (AcNPV) using the transfer vec- 
tor* pAcCD40 (encoding the fulMenoth C7D40 
molecule)* pAcCD40-£D/Olu (encoding the ex- 
tracellular domain of CD40), pAcB7 (encoding 
the full-length B7 molecule), and p AcB7-ED/Olu 
(encoding the extracellular domain of the B7 
molecule). Recombinant viruses were isolated w 
previously described (Smith et aL, 1985; Summers 
and Smith, 1987). St9 cells were infected with 
recombinant virus (2-10 ptu) at a density of 10* 
celh/mU Far cell surface expression of recombi- 
nant proteins, the cells were harvested after 48 h 
or culture- for the production of secreted recom- 
binant proteins, the cells were harvested after 72 
h of culture. 

Affinity purification ofsohibh B7 *t\d sohibta CD40 
Soluble B7 and soluble CfXQ, ta&gcd with the 
Glu-Glu epitope (Glu*Glu-Olu-Olu-Tyr-Met-1>ro- 
Met-Glu) (Orussenmyef el al., 1985)» were purL 



rcsictlon buffer contAintnft 500 U moloney murine 
leukemia virus reverse transcriptase (BRL, 
Belhesda, MD), 5 mM random he*amer» (Phar- 
macia, Plscataway, NJ), l mM dlthlothreilol 
(DTT), 2 '-deoxy nucleoside ^''triphosphates 
(dNTP mbd (0-5 mM each), 10 mM Trfs-Hd pH 
BJ, SO mM KCL 2.5 mM Mgd,, and 0.1 mfi/ml 
bovine scrum albumin (BSA). After incubation at 
37*C Tor 1 h, the samples were boiled for 3 mln 
and stored at -70*0 The DNA encoding the 
CD40 and B7 molecules was generated by poly- 
merase chain reaction <PCR) using primers with 
restriction sites for doning (Fig. 1). These primers 
were based on the published cDNA coding se- 
quences for B7 and CD40 (Freeman et aL, 1969; 
Stamenkovic et oL, 1989). For PCR amplification, 
I m-I of eDNA was mixed with 1 $i\ (10 picomol) 
of a forward primer, I /il (10 picomol) of a. 
backward primer, and 47 m! of PCR mix. The 
PCR mix consisted of 1,25 U Tag polymerase 
(Pcrkin-Elmer/Cetus, Norwalk, CT)i dNTP mix 
(0.2 mM each), 10 mM Trb-HO pK 8.3, 50 mM 
KCX Z5 mM MaCl* arid 0.1 mg/ml BSA. The 50 
mI of PCR mixture was overlaid with 70 jit mitt- 
em! oil and subjected to 25 cycles or amplification 
in a Perkln.&lmer/Cetus therirtocydcr (de- 
naturalton 4t 95 e C Tor 30 s, primer annealing ai 
5S"C Tor 30 s and extension at 72*C for 15 mln). 
PCR products obtained after 25 amplification 
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tied from concentrated Sf9 insect cell super- 
natams by affinity chromatography. The affinity 
matrix consisted of protein G-Stpharosc coupled 
with a monoclonal antibody to the Glu-Ohi epi- 
tope. Concentrated insect cell supernatant was 
dial/zed against phosphate-buttered safltie (PBS) 
and loaded onto the column The column was 
washed with 5 column volumes of + 
octyl glucosfde and 1 mM 2-mercaptocthanol, 
followed by 5 column volumes of elutton buffer 
(50 mM NbB0 4 , pW 9.0. 2 mM 2-mcrcaproethan- 
dI. 0.2% octyl elucoslde), The soluble 87 or solu- 
ble CD4Q tagged with the Olu-Olu epitope was 
released from the column by adding free Olu-Glu 
peptide (50 MS/ ml In elutlon buffer). The frac- 
tions were neutralized with 0.5 M acetic acid, 0.5 
M sodium phosphate, pH 5.5. The eluted pro- 
teins were then dialyzcd against PBS. 

Immunization 

Female llALB/e mice wtce Injected intra peri* 
tonoally (IP) at day 0 and day 14 with 5 X JO* Sf9 
cells infected with AtCD40 virus, AcB7 virus, or 
AcGd3 virus (control virus). On dny 21, 100 jlJ of 
terum war obtained to lest for the pretence of 
specific antibodies. After u rest period of at least 
two weeks, the mice received a final Injection 
with S X 10' Sf9 cells Infected with AcCD4Q or 
AcB7 virus. Three d^ys after this last Infection, 
the aplecn cells were used fqr cell fusion. 

Generation ofhybrtdomA daw 

Splenocytes from immunktd SALB/c mice 
were fused *ith SP2/0 murine myeloma cells at a 
ratio of 10:1 using 50% polyethylene glycol as 
previously described by De Boer ct aL (1988). 
The fused cells were resuspended in complete 
tMDM medium supplemented with hypoxanthlne 
(0.1 mM), amlnopterln (0.01 mMX thymidine 
(0.016 mM) and 0*5 fts/ml hlL6 (Genzymc. 
Cambridge, MA), The fused cells were then dis* 
ttibuted between the wells of 96- well tissue cu|* 
ture plalcs, so that each well contained one Blow- 
ing hybrid on average, After 10-14 days the su- 
pernatant* of the hybridoirw populations were 
screened for specific antibody production. For 
the screening of specific antibody production by 
the hybridortia clones, the supernatant* of 12 
wells were pooled and used for fluorescent cell 



staining on EVB-rrstnsformed< I & cells as described 
below. Subsequently! the supernatant* of the pos. 
Itlve pools were tested Individually. Positive hy> 
brldoma celh were cloned three times by limiting 
dilution In complete 1MDM containing 0.5 tig/ ml 
hlUfi. 

S/9 celt ELISA 

519 Insect cells in reeled with recombinant virus 
were cultured for 48 h In 24-well plaie$. After 
removal of the tissue culture medium the pin tea 
were incubated tor 45 mln at room temperature 
(RT) with 0.25 ml or antibody in PBS with 1% 
BSA (P&S-B5A). After three Wishes with PBS* 
BSA, Ihe plates were Incubated for 45 mln a| RT 
with 250 ji) of a 1/250 dilution of froat anti- 
(mouse total lg) JmmunoBlobullns conjugated to 
horseradish peroxidase (Zymed. South San Fran- 
cisco* CA5 In PB&.&SA. Unbound peroxidase ac- 
tivity was removed by washing fWe times with 
PBS- BSA. Bound peroxidase activity w»$ re- 
vealed by the addition of an assay mUture pre- 
pared by diluting 05 ml of 2 rn«/mj ^'.S^'-tc- 
tramethylbenzidlne in ethanol to 10 mt with 10 
mM Na acetate, 10 mM EDTA burfcr (pH 5.0) 
and adding 0.O396 (v/v) H z O,. The reaction was 
stopped after 10 mln by adding 100 jtl of I M 

Isolation of tonsillar B cell* 

Tonsillar B lymphocytes were isolated from 
tonsils obtained from children undergoing tonsil- 
lectomy as described by De Grool ct al. (1990). 
Briefly, the tissue waa dispersed with scalpel 
blades, phagocytic cells and NK cell* were de- 
pleted by treatment with 5 mM L-teucine methyl 
ester, and T cells were removed by one cycle of 
rescuing with sheep erythrocytes treated with 
2-amlnoethy) isothlouronlum bromide. 

Fluorescent cell staining 

Cells OOVaampIc) were incubated in 100 ill 
primary antibody (10 MfiAit in PBS-BSA or 
Hanks 1 balanced salt solution (HBSS) supple- 
mented with 1% BSA and 0.05% sodium a tide) 
for 20 mln M 4 ft C After three washes with PBS- 
BSA or HBSS-BSA, the cells were incubated in 
100 ^1 FlTCMabcled Ftab') 2 fragments or goaf 
antKmouse IgG) antibodies (Jackson, West 
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Grove, PA) for 20 min at 4 B C. After three washes 
with PBS-B3A or HBSS-BSA and one wash with 
PBS, the cells were resuspended in 0.5 ml PBS. 
Analyses were performed with a FACSCAN V 
(Becton Dickinson, San Jose, CA). For analysis of 
cultured tonsillar B cclU, propidium iodine was 
used to exclude dead cells. 



Jttsutte 

Full length cDNAs tsncodinfi human B7 and 
human CD40 were generated by FCR uslna 
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primers with restriction sites Tor cloning. The 
template for PCR amplification was ct>NA gen- 
erated from EBV-rrensformed human spleen B 
cell RNA- the expression of the recombinant 
ttioleciilcs on the cell surface of the SW ceils was 
tested using an ELlSA system. Fift. 2a show* that 
the antl-(B7l monoclonal antibady BB-1 rented 
only with SC9 cells Infect** with AcB7 virus, but 
not with St9 cells cfyresstne hurrlan CD26. In 
contrast, the *ntl-(CD26) roonocfonal antibody 
Ta-1 reacted only with the Sf9 cells expressing 
CD26, but not B7. Similar results were obtained 
with St9 cetls expressing CO40. Fig. lb shows 
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that the antKCt>40) monoclonal antibody 52C6 
reacted only with S(9 cells expressing CD4CL but 
not with SB) celts exprcsslnn B7. 

For the generation of monoclonal antibodies 
to CD40 and 67, mice were immunized with the 
Sf9 cells expressing these molecules on the cell 
surface. 1 week after the second Immunization, 
the mice were bled and the sera *cte eitdyttd 
tor the presence of specific antibodies Using fluo* 
rescent cell staining of EBV-trfltufarmed B cells, 
fife. 3 shows that mice immunised with Sf9 celts 
expressing CD4Q or &7 had a serum titer against 
EBV-transtartned B cell lines ARC* which Is posi- 
tive for boih CD40 and B7. tn contrast, mice 
which were Immunized with control SO cells 
showed no reactivity with the ARC otlb. 

Since the mice Immunized wllh St9 cells ex- 
pressing CD40 or D7 had a serum titer when 
tested on ARC cells, we gave one mouse a .final 
booster Injection with CD4G expressing SE9 cells 
end one with B7 expressing Sf9 cells. 3 days after 
the booster Injection, the spleens were removed 



SUMMARY OF FUSION DATA FOR THE GENERA- 
TION OP MONOCLONAL AHT I BODIES TO HUMAN 
■ CU4i| AND HUMAN B7 
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Arltt-CD4U 




tlOi of wclh seeded after fniloH 




Oft) 


no. or Weill with hjrbrldome frowlh 


351 
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no. otpotltlvt *elh b 
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• Onty hilr of iht nik abtilntd nher fatten were analyzed. 
b Ai determined by FACS *tul|r»t$ destrfbed In the mittHtlt 
fthd RKihodi Snellen. 

- The frequency ot rwUh* wcHi fa defined as ihc number of 
pert I live wells divided Vj iht ' IpUI number uf wdb-wtlh 
hrttldoma Srowih, ntulifpUd W, 



and the splenocytcs were fused with 3P2/° 
murine myeloma cells, Table I gives a summary of 
the fusion data. After the CD40 fusion, only half 
of the cells were seeded In 4B0 wells. This re- 
sulted In 351 wells with hybrldoma growth. Afler 
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* the 67 fusion, the cells were distributed In 960 
wells and this fusion yielded 312 wells with hy- 

\ brtdoma growth. 14 days after the fusions, super- 

natant* of \% wejl* were pooled and the pooh 
were tested for the presence of antibodies reac- 

i live with ARC cells. FAC5 analysis revealed that 

four pools (ram the CD40 fusion and one pool 
from the &j fusion were reactive with ARC cell*. 

I When Individual supernatant* from the positive 

pools were retestcd, four wells reactive with CD40 

♦ and one well reactive with B7 were identified, 
The tell* from these positive wells were cloned by 
limiting dilution and, after three rounds, four 
stable arUl-(Ct)40) hybridoma clones (CD40-3AB, 
CD40-3C6, CD40-5DU and CD40-5H7) and 1 

t ateble ami-CD?) hybridoma clone (B7-24)were 

established. 

Alt five hybridoma clones wtre reactive with 
i ARC cells and other EBV^transformed B cell 

; lines, but not with T cell lines HSB and CEMM 

(results not shown). However, the specificity of 
? these monoclonal antibodies had yet (o be proven. 

[ Therefore, we performed competition expert- 

; menu in which soluble forms of CD40 and 67 

competed with c£>40 and 87 expressed on the 
I ARC tells for the binding of the monoclonal 

? antibodies. Hybridoma supernatant; were pre-in- 

cub&ted with soluble forms of CP40 and B7, 
; Subsequently, the mixtures were added to ARC 

cells for fluorescent cell staining. Fig, 4 shows 
i that soluble 87, but not soluble CD40, could 

" block the binding of anti-<B7) monoclonal antU 

body B7-24 to ARC cells, Conversely, soluble 
! CD40, but not soluble B7, could block the bind* 

Ins of BntMCD40) monoclonal antibody CD40^ 

3AB to ARC tells. Similar results were obtained 
i with the other three antl*(Cb40) monoclonal an- 

r tibodles. furthermore, the effects of soluble CD40 

t on the aniJ-(CO40) monoclonal antibodies and 

the effect of soluble B7 oh the nnU (07) mono- 

* clonal antibody was concentration-dependent, 
! Decreasing the amount of soluble protein re 
i suited in decreased blocking or antibody binding 

to ARC cells (results not shown). 

* For further analysis of the antMCD4Q) and 
} anti.(B7) monoclonal antibodies, we tested their 
' ability to bind to tonsillar B celts. Table U shows 

that 89-95% of freshly isolated tonsillar B cells 

* stained positive with the four an*l~(Ct)40) mono- 
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B1NDINO OF ANTKCD40) MOWOd-ONAt- AN T * BOD- 
IES TO HIOHLT ENHJCHED TONSILLAR B C6LLS 
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■ Tha pcretnlifec ct ptoM\*e lowllbr cell* wa* roeiiUrtiJ by 
fltwrcffGCftf ccU *talrtln* at rfejerifeed 'm the matcrW* and 
meihcOi Jetilon. 



clonal antibodies. About the same percentage of 
ceils was positive with anti-<CD4Q) monoclonal 
antibody OW^-"TiW«sH1l-aHtfwa tha* 12-17% of 
freshly Isolated' tonsillar B cells stained positive 
with antWB7) monoclonal antibody B7-24. How- 
ever, when tonsillar B celts were cultured Tor 5 
days In the weaence of immobilized antUleM) 
antibodies and 1L-2, the percentage of cells posi- 
tive for B7-24 Increased up to about 15% (result* 
not shown). Furthermore, when tonsillar B colls 
were stimulated with antMlfiM) antibodies and 
1L-2. not only did the number of B cells positive 
for B7-24 Increase* but there was also o siB*lr> 
catit increase in the amount of fluorescent stain* 
Ing per celt* Indicating that the expression of B7 
was increased after stimulation (results not 
ahown). 
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fltNDlNO OF AKTUB71 MONOCLONAL ANTIBODY 
BM4 TO HIGHLY ENRICHED TONSILLAR H CEU.S 



Antibody 
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•The pcrcenl»gt ol positive tonsillar cell* mtwmed hy 
fluoresce** tt\\ Coining aa described In lh< m»ut(aU and 
mefhwb wctton. 
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Discussion 

For the production or monoclonal antibodies 
one would Generally like to Immunize mice with 
purified material. However, purification of mem- 
brane antigens requires specialized and complex 
techniques end, furthermore, extraction from the 
membrane may alter the structure of the 
molecule. In addition, solubilization of proteins 
often decreases their Immunogenlcity. Therefore, 
most monoclonal nntibodtcH to cell surface anti- 
gens have been obtained after immunization of 
mice with whole cells or membrane fractions. In 
many cases, specific lymphocyte subsets have been 
Injected Into mice resulting in panels of mono- 
clonal antibodies. These antibodies have been 
used to isolate and characterize the antigen that 
they bound. When mice are immunized with 
whole eclb, antibodies to a Urge number of dif- 
ferent molecules are generated. It Is therefore 
difficult to use the same cells for the screening of 
specific antibody production by the hybridoma 
clones. 

To circumvent the above-mentioned problem, 
we have expressed several known human cell 
surface proteins in Sf9 Insect cells and used these 
insect cells to Immunize mice. Since the Introduc- 
tion of PCR technology (Satltl et ah* 1983, 19&8), 
It has become relatively simple to done the 
tDNAa for proteins whose coding DNA sequence 
has been published. One can use PCR primers 
spanning the complete coding region only, and 
incorporate restriction sites In these primers to 
facilitate do nine Into expression vectors* 

It has been aho*n that human Intracellular, 
secreted, and transmembrane proteins can be ex- 
pressed at high levels fin St9 insect celts when 
Inserted under the regulation of the nonessential 
baeulovirus gene for the polyhcdrirt protein (re- 
viewed by Uickow nnd Summm, 1988). Since 
recombinant proteins can be expressed at very 
high levels on the cell surface of Insect cells, a 
large proportion or the Immune response after 
Injection of these cells will be directed against the 
recombinant protein. We found thai only 2 i.p. 
injections with 5 * 10 fl SC9 tells csprtsslng hu- 
man CD40 or human 07 gavt good serum titers 
against these antigens. Furthermore, the Insect 



cells themselves did hot evoke an Immune re- 
sponse crass-reactive with human cells. This en- 
abled us to use EBVMransformed B cells for the 
screening of specific antibody production by the 
hybridoma done*, with minimal risk of obtaining 
false positives. All (of thclpqsitivc primary well*; 
obtained were In fact specific rot the antigen that 
was used'for Immunization, 

Since we used EBV-transformed B cells For 
the screening of the primary hybridoms super- 
natant* and during the limiting dilution cloning, 
the specificity of the monoclonal antibodies re- 
mained to be demonstrated. Several lines of evi- 
dence presented here suggest that we have in- 
deed generated four entKCD30) and one anti- 
(B7) monoclonal antibodies. Ffrst, there Is posi- 
tive staining with these antibodies on EBV-trans- 
formcd B cells, but not on T cell lines. Secondly, 
trio competition experiment shown in Kin. 3 
demonstrated that the antKCtMO) antibodies 
bound Co a soluble form of C£>4Q but not to a 
soluble form of B7, Likewise, the antl-(B7) anti- 
body only bound to the soluble B7 molecule. 
Finally, the staining with the antibodies on tonsil- 
lar B ceils as reported In TabjcfrJl and. Ill Is In 
agreement with what has been* published for other 
antl-(B7) and anti*(CD40) monoclonal antibodies 
(Yokocht et aU 1982; paulic et aL. 1985: Frccd- 
rtian et a|., 1987; Vallc ct a)., 1990). Although we, 
like Vallc et al. (1990), found a smaller increase 
in the number of tonsillar B cells cxpresilng 67 
after stimulation with Immobilized anii-(lgM) an- 
tibodies than has been reported by Freed man el 
a). (1987), this could be due to differences In the 
experimental procedures used. 

It should be mentioned that the fusion data 
described In this paper, in particular the fre- 
quency of positive clones in the B7 fusion, (s not 
optimized. It is therefore difficult lo draw conclu- 
sions about the efficiency of obtaining specific 
hybridoms clones Using this system. Both fusions 
were the first and, so far, the only ones that we 
performed with the mice that were Immunized* 
yet both fusions yielded specific monoclonal anti- 
bodies* We therefore feel that the method for the 
generation of monoclonal antibodies to cell sur- 
face antigens described In this paper is relatively 
fast end convenient. 
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